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(54) Catheter with valve mechanism 

(57) A catheter (1 0) having a closed distal end and 
one or more valve mechanisms in the form of slits (22) 
adjacent the distal end which communicate the lumen 
(24) extending through the catheter with the exterior of 
the catheter to permit the infusion or aspiration of fluids 



between the catheter and the vessel in which the cath- 
eter is positioned. The or each valve mechanism (22) is 
preferably in a plane which is oriented at an angle to the 
longitudinal axis of the catheter (10), and is preferably 
in an area of reduced wall thickness to facilitate opening 
and closing. 
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Description 

This invention relates to catheters incorporating a 
valve mechanism to permit the ingress and egress of 
fluids therethrough into and out of the body of a patient. 

The use of catheters in intravenous procedures and 
for intravenous therapies is well known in the medical 
community. Catheters typically are implanted into vari- 
ous vessels in the patient's body to provide for the in- 
gress and/or egress of fluids, such as blood and other 
bodily fluids, and as well for the infusion of medication 
or other medical solutions for both specific treatment of 
the patient and to facilitate other treatments and diag- 
noses. The use of catheters may be for short term pro- 
cedures, but they are also commonly used in long term 
procedures wherein the catheter is implanted in the 
body and left in place for an extended period of time to 
facilitate long term treatment of the patient. 

Catheters typically take the form of an elongated 
tube constructed of a biocompatible surgical grade ma- 
terial which is flexible to permit guiding or steering of the 
catheter through blood vessels or anatomical passages. 
Initially, catheters generally included an open ended 
tube which was positioned during the surgical proce- 
dure, and was capped at its proximal end (i.e. the end 
positioned outside the body) to provide a port for the 
infusion or withdrawal of fluids. The distal end of the 
catheter remained open inside the vessel within the pa- 
tient's body, and allowed for ready withdrawal or infusion 
of fluids through the catheter. These catheters were typ- 
ically used in short term procedures, such as surgical 
procedures in which the catheter would be removed af- 
ter completion of the surgical procedure. Leaving a cath- 
eter of the open-ended type in the vessel of the patient 
subjected the catheter to a number of potential prob- 
lems, including the formation of blood clots which would 
obstruct the end of the catheter. Open-ended catheters 
are thus flushed regularly, typically with a saline and/or 
anticoagulant solution, to keep the distal end of the cath- 
eter open. 

Catheters intended to remain in the body for a long- 
er term have been developed and generally include a 
closed distal end and a valve adjacent the distal end to 
permit the infusion or withdrawal of fluids. Typically, 
these valves operate by reacting to the pressure differ- 
ential within the tube as compared to the vessel (or other 
anatomical location) in which the catheter is placed. 
Generally, increasing the pressure within the catheter 
provides for infusion of fluids through the valve and into 
the vessel, while a pressure decrease in the catheter 
provides for withdrawal of the fluids from the site in 
which the catheter is placed. 

A challenge associated with closed end catheters 
having valves adjacent their distal end is the perform- 
ance of the valve based on a pressure differential. Al- 
though efforts have been made to optimize the perform- 
ance of such valved catheters, e.g. by chemical weak- 
ening the area of the catheter tube adjacent to the valve 



or other localized treatment as disclosed in US patent 
Nos. 4,549,879, 4,701,166, 4,995,863 and 5,147,332 a 
need remains to further optimize the fabrication and/or 
performance of existing valved catheters. 

s According to the invention, there is provided a cath- 
eter comprising an elongated member with a lumen ex- 
tending therethrough characterised in that the elongat- 
ed member has a portion of reduced diameter extending 
along a portion of its length with at least one valve mech- 

10 anism therein, wherein the valve mechanism is oriented 
at an angle to the longitudinal axis of the elongated 
member and opens in response to positive or negative 
pressure to allow the egress and ingress of fluid through 
the lumen. 

is Preferably, the or each valve mechanism is a slit 
valve. 

The preferred catheter comprises an elongate flex- 
ible tube which is fabricated from a surgical grade ma- 
terial and has an open and closed end. The catheter 

20 tube has a wall which is defined by an inner and outer 
surface of the tube, where the inner surface of the tube 
is defined by a lumen which extends the length of the 
tube. In one preferred embodiment, when viewed in 
cross-section at two different longitudinal points, at least 

25 a portion of the tube at the more distal point has a re- 
duced thickness with respect to the tube when viewed 
at a more proximal point, and at least one valve mech- 
anism is positioned solely or entirely in this portion of 
reduced thickness to place the lumen in communication 

30 with the exterior of the tube. 

The reduced thickness portion of the catheter tube, 
in a further embodiment, is the result of the lumen of the 
catheter tube being offset and parallel to the longitudinal 
axis of the tube, and in another embodiment is the result 

35 of the lumen having an oval cross-section such that the 
major axis of the oval defines the portions of reduced 
thickness in the wall of the tube. In each of these cases, 
the valve mechanism is provided in the portion or por- 
tions of reduced thickness, and does not extend into the 

40 areas of increased thickness so that the operation of the 
valve is consistent along its length. 

In an alternate embodiment of the present catheter, 
the valve mechanism comprises at least one pair of slits 
which are parallel to each other but still positioned at an 

45 angle to the longitudinal axis of the catheter tube. Pref- 
erably, the slits, when formed through the tube, are cut 
at different angles relative to the catheter tube wall sur- 
face to facilitate the infusion or withdrawal of fluids. 
In each of the embodiments, it is preferred that the 

50 valves positioned at an angle to the longitudinal axis of 
the catheter are located in the area of reduced thickness 
to increase the size of the opening for the ingress and 
egress of fluids. 

Other features of the catheter of the present inven- 
ts tion will become apparent from the detailed description 
hereafter of preferred embodiments given by way of ex- 
ample only with reference to the accompanying draw- 
ings, in which: 
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Figure 1 is a perspective view of a catheter accord- 
ing to a first embodiment of the invention; 
Figure 2 is a top plan view of the catheter of Figure 
1; 

Figure 3 is a side elevation view of the catheter of 
Figure 1; 

Figure 4 is a side cross-section view of the catheter 
of Figure 1 taken along lines 4-4 of Figure 2; 
Figure 5 is a perspective view of a catheter accord- 
ing to a second embodiment; 
Figure 6 is a side elevation of the catheter of Figure 
5; 

Figure 7 is a side cross-sectional view of the cath- 
eter of Figure 5 taken along lines 7-7 of Figure 6; 
Figure 8 is a front elevation view of the catheter of 
Figure 5; 

Figure 9 is a perspective view of a catheter accord- 
ing to a third embodiment; 
Figure 10 is a top plan view of the catheter of Figure 
9; 

Figure 11 is a cross-sectional view of the catheter 
of Figure 9 taken along lines 11-11 of Figure 10 
showing a circular lumen; 
Figure 12 is a cross-sectional view similar to Figure 
11 showing an oval lumen; 
Figure 1 3 is a perspective view of a catheter accord- 
ing to a fourth embodiment; 
Figure 1 4 is a side elevation view of the catheter of 
„ Figure 13; 

Figure 15 is a cross-sectional view of a catheter 
similar to Figure 1 3 except that the two slits of each 
valve lie in planes which intersect; 
Figure 1 6 is a perspective view of a catheter accord- 
ing to a fifth embodiment; 
Figure 1 7 is a side cross-sectional view of the cath- 
eter of Figure 16 taken along lines 17-17 of Figure 
16; 

Figure 18 is a cross-sectional view of the catheter 
of Figure 16 taken along lines 18-18 of Figure 16; 
Figure 1 9 is a perspective view of a catheter accord- 
ing to a sixth embodiment; 
Figure 20 is a side cross-sectional view of the cath- 
eter of Figure 19 taken along lines 20-20 of Figure 
19; and 

Figure 21 is a cross-sectional view of the catheter 
of Figure 19 taken along lines 21-21 of Figure 19. 

Referring now to the drawings, in which like refer- 
ence numerals represent similar or identical elements 
throughout the several views, there is illustrated in Fig- 
ure 1 a catheter 10 having a valve mechanism 22 posi- 
tioned in an area of reduced thickness relative to prox- 
imal portions of catheter 10 which, in combination with 
its orientation to be explained hereafter, facilitates the 
operation of the valve mechanism to open and close for 
infusing or withdrawing fluids. Catheter 10 preferably is 
constructed of a flexible, biocompatible surgical grade 
material and terminates in closed distal end 12, which 



may take the form of an end cap 1 3, as seen in Figures 
2-4 or may be molded as part of the catheter body 16. 

Body 16 has a first diameter which corresponds to 
a first thickness 28, as seen in Figure 4, of the wall of 
5 the catheter 10. A transition region 20 is provided which 
leads to a region 14, which is preferably substantially 
planar and which has a second region 26 of a reduced 
thickness which is less than that of the first thickness 
28, as best seen in Figure 4. The reduced thickness pro- 
w vides added flexibility to slit valves 22,23 provided there- 
in thereby facilitating opening and closing of the valves. 

Slit valves 22,23 open in response to increased or 
decreased pressure within lumen 24 to permit the infu- 
sion and egress of fluids into or from the catheter 1 0 and 
?5 into the vessel in which the catheter is positioned. In the 
embodiment shown in Figures 3 and 4, the pair of slit 
valves 22,23 are cut or otherwise configured in such a 
manner so as to provide for infusion through one valve, 
i.e. valve 22, and egress through a second valve, i.e. 
valve 23. In other words, in this embodiment, valve 22 
opens in response to increased pressure in lumen 24 
and valve 23 opens in response to decreased pressure 
in lumen 24. Planar region 14 facilitates the opening and 
closing of the valves due to the reduced thickness 26 of 
the catheter wall, and it can be seen that, in this embod- 
iment, the valves are positioned exclusively within the 
area of reduced thickness 26. In an alternate embodi- 
ment, the slit valves 22,23 are identical and the ingress 
and egress of fluids is through both valves. 

Preferably, planar region 14 is formed in the cathe- 
ter wall on diametrically opposite sides thereof. As can 
be seen in Figure 4, however, the reduction in wall thick- 
ness does not affect the diameter of lumen 24, which is 
maintained substantially constant throughout the length 
of catheter 10. As shown in Figure 2, the outer diameter 
of the catheter 10 remains constant along sides 21 . Al- 
ternately, the thickness 28 of the catheter wall can be 
reduced circumferentialfy about the end of catheter 10 
distally of the transition region 20, with the wall thickness 
being constant at this distal end of catheter 10 and the 
diameter of the lumen remaining constant throughout 
the catheter length. 

Figures 1 and 2 show the valve 22 oriented at an 
angle to the longitudinal axis of catheter 10. Thus, valve 
22 lies in a plane oriented at an angle to the longitudinal 
axis. Positioning the valve 22 at an angle within the re- 
duced wall thickness results in a larger opening for the 
ingress and egress of fluids. When suction is applied, 
the reduced thickness wall will want to collapse so it will 
twist. Thus the slit opens into an eye-shaped opening 
as shown for example in Figure 1 8A. A preferred angular 
orientation of valve 22 relative to the longitudinal axis is 
30 degrees, although differing angles, and particular 
greater angles, will provide the desired advantage. 

Figures 5-8 illustrate a second embodiment of cath- 
eter 30, in which the reduced wall thickness 34 is located 
at the distal end of the catheter 30. Valve mechanism 
36 is provided in the tapered closed distal end 34 and 
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permits the infusion or egress of fluids in response to an 
increased or decreased pressure, respectively, in the lu- 
men of the catheter. Opening 38 permits the ingress or 
egress of fluids through the distal end 34. 

In order to facilitate manufacture of the catheter 30, 
the valve 36 may be provided on a tip 30a of the catheter 
as shown in Figures 6-8. Tip 30a includes a catheter 
entrance 40 which accommodates the distal end of an 
open ended catheter which slips into tip 30a at entrance 
40 and abuts against catheter abutment 42. Lumen 52 
of tip 30a communicates with the lumen of the catheter 
(see Figure 7). Catheter tip 30a includes a wall 44 hav- 
ing a first thickness and a reduced wall thickness 46 at 
valve mechanism 36 whereby the valve mechanism is 
positbned exclusively within the area of reduced thick- 
ness 46 and in a plane which is at an angle to the lon- 
gitudinal axis of the catheter, in this case perpendicular. 
In this Figure 7 embodiment, valve mechanism 36 fur- 
ther includes a hinge portion 48 which facilitates open- 
ing and closing of the valve 36, and a seal 50 which seals 
the opening 38 at the distal end of the catheter tip. Nfolve 
mechanism 36 will flex outwardly to permit the infusion 
of fluids from the catheter into the vessel in which the 
catheter is positioned in response to increased pressure 
within the lumen 52, and inwardly to permit the with- 
drawal of fluids from the vessel and into the lumen 52. 

Turning now to Figure 9, there is illustrated another 
embodiment of catheter 60 in which a pair of valve 
mechanisms 64, preferably slits, are provided in the 
body 62 of the catheter 60, adjacent the closed distal 
end 66. Each valve mechanism 64 is positioned at an 
angle to the longitudinal axis of the catheter 60, and pref- 
erably at a 30° angle. Optionally, valve mechanisms 64 
may be provided at angles which are opposite to each 
other. Preferably, each such valve mechanism is posi- 
tioned at an angle of approximately 30° to the longitudi- 
nal axis. Thus, in an embodiment wherein the two valve 
mechanisms are oriented opposite each other, the an- 
gles would be plus and minus 30 degrees relative to the 
longitudinal axis, respectively. 

As seen in Figures 10-12, valve mechanism 64 is 
positioned exclusively or wholly within reduced thick- 
ness wall portion 76 of the catheter wall 74, and is po- 
sitioned at an angle to the bngitudinal axis 70. The re- 
duced wall thickness 76 is a result, as seen in Figure 
11 , of extruding the catheter tubing so as to have a lu- 
men 68 which is offset from the longitudinal axis 70 of 
the catheter 60. In the embodiment shown in Figure 11 , 
lumen 68 has a longitudinal axis 72 which is offset from 
the longitudinal axis 70 of the catheter 60. Wall 74 has 
a greater thickness than wall portion 76, and the valve 
mechanism 64 is positioned exclusively within the re- 
duced thickness wall portion 76. 

Figure 12 illustrates a further manner of extruding 
the catheter 60 in order to provide for the positioning of 
valve mechanisms 64 in the reduced thickness wall por- 
tion 76. In this embodiment, the lumen 68 has an oval 
cross-section, such that its longitudinal axis is aligned 



with longitudinal axis 70 of the catheter 60. The reduced 
thickness wall portions 76 are located at the ends of the 
major axis 78 of the oval shaped lumen 68, and the valve 
mechanisms 64 are provided at the end of the major axis 
5 78. 

Figures 13-15 illustrate further embodiments of 
catheter 80, in which the valve mechanisms 82,83 pref- 
erably comprise a pair of slits 84,84 and 86,86. In the 
embodiment of Figures 13 and 14, the slits of each pair 
10 are placed side by side and the planes of the slits of 
each pair are substantially parallel. Ingress and egress 
of fluids occur through both valve mechanisms 82,83. 

The embodiment of Figure 15 is similar to that of 
Figures 1 3 and 14 in that each valve mechanism 82'83' 
is preferably has a pair of slits 84 < ,84 , ,86 , ,86', however, the 
planes of the slits of each pair intersect. In this embod- 
iment, as best seen in Figure 15, the slits 84* are posi- 
tioned side by side, spaced equidistantly along their 
lengths, and are cut at an angle from the outer surface 
88' through wall 90' to inner surface 92' such that one 
of the slits 84' is cut in the direction towards the other 
slit 84V Slits 84' intersect interiorly within the catheter 80 
within lumen 94. When cut in this manner, valve 82' 
opens outwardly in response to increased pressure in 
the lumen 94 to permit the infusion of fluids from the 
lumen 94 of the catheter into the vessel in which the 
catheter is positbned. 

As further seen in Figure 1 5, slits 86' of valve mech- 
anism 83' are cut at an angle from the outer surface 88' 
to the inner surface 92* through wall 90' away from each 
other, are positioned side by side, and spaced equidis- 
tantly along their lengths. As can be seen from Figure 
15, slits 86' will intersect exteriorly to the catheter 80. 
Thus, the valve mechanism opens inwardly in response 
to decreased pressure in the lumen 94 of the catheter 
80 to permit the withdrawal or aspiration of fluids from 
the vessel into the catheter. 

In addition, it can be seen in Figure 15 that in- 
creased pressure in lumen 94 will force valve 83' out- 
wardly against wall 90', further sealing valve 83' to facil- 
itate infusion through valve 82'. Likewise, decreased 
pressure in lumen 94 forces valve 82' inwardly against 
wall 90, further sealing valve mechanism 82* to facilitate 
aspiratbn through valve mechanism 83*. 

Figures 16-18 illustrate another alternate embodi- 
ment in which a separate valve assembly 100 is mount- 
ed e.g. by insert molding, on the tip of catheter 101 to 
form the catheter for insertion into the body, \fclve as- 
sembly 100 includes a reduced thickness area 102 
around its entire circumference. Nose 1 04 is configured 
for easier penetration, is glued to the valve assembly, 
and seals the distal end of the catheter and assembly 
100. As shown, the reduced thickness area 102 is 
formed by reducing the thickness of wall 105, thereby 
maintaining the diameter of lumen 106 constant so as 
not to effect flow. Note that walls 120a-120d are slightly 
radiused with portions 107a-d of increased wall thick- 
ness to increase stability. The transition areas 108,109 
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preferably slope at an angle of about 8 to about 12 de- 
grees to maintain stability of the catheter. A pair of dia- 
metrically valve mechanisms, preferably a pair of op- 
posed slits 110,112 are angled with respect to the lon- 
gitudinal axis (illustratively at an angle of about 24 de- s 
grees) and function as described above with respect to 
the embodiment of Figure 1. Thus, slit valve mecha- 
nisms 110,112 open into eye-shaped openings as 
shown in Figure 18A. 

Length L between nose 1 04 and transition area 1 08 10 
is selected to optimize valve performance and in a 9 
French catheter preferably ranges from about 0.1 to 
about 0.2 inches and more preferably about 0. 1 44 inch- 
es. 

Valve assembly 240 illustrated in Figures 19-21 is is 
identical to the valve assembly 1 00 of Figures 1 6-1 8 ex- 
cept that the reduced thickness area 202 is circular in 
cross section. As shown, area 202 is formed by reducing 
the thickness of wall 205 without effecting the internal 
diameter of lumen 206. Nose 204 is affixed in the same 20 
manner as nose 104. Valve mechanisms 210,212, 
shown as slits, are illustratively angled at about 24 de- 
grees. As with the aforementioned embodiments, other 
angles are contemplated. 

As noted above, the combination of an angled slit 25 
disposed on a region of reduced thickness results in a 
larger opening. Figure 1 8A illustrates by way of example 
the resulting eye shaped opening O which can be 
achieved. 

30 

Claims 

1. A catheter having a lumen (24) extending there- 
through characterised in that the catheter has a 35 
portion (1 4) of reduced diameter extending along a 
portion of its length with at least one valve mecha- 
nism (22) therein, oriented at an angle to the longi- 
tudinal axis of the catheter which opens in response 
to positive or negative pressure to allow the egress 40 
and ingress of fluid through the lumen (24). 



5. A catheter according to any of claims 1-3 charac- 
terised in that the lumen (70) has an oval cross-sec- 
tion, the longitudinal axis of the lumen being aligned 
with the longitudinal axis of the catheter, such that 
the major axis of the oval defines portions (76) of 
reduced thickness in the wall of the catheter. 

6. A catheter according to any one of the preceding 
claims characterised in that the valve mechanism 
(22) is oriented at an angle of approximately 30° to 
the longitudinal axis of the catheters. 

7. A catheter according to any one of the preceding 
claims further characterised by a second valve 
mechanism (23) which is oriented at an angle of ap- 
proximately 1 50° to the longitudinal axis of the cath- 
eter. 

8. A catheter according to claim 5 further character- 
ised by a second valve mechanism (64), the first 
valve mechanism (64) being positioned at one end 
of the major axis of the oval cross-section and the 
second valve mechanism (64) being positioned at 
a second end of the major axis. 

9. A catheter according to claim 8 characterised in that 
the first valve mechanism is oriented at an angle of 
approximately 30° to the longitudinal axis of the 
catheter and the second valve mechanism is orient- 
ed in a plane which is at an angle of approximately 
150° to the longitudinal axis of the catheter. 

1 0. A catheter according to claim 7 characterised in that 
the first valve mechanism (64) is diametrically op- 
posite the second valve mechanism. 

11. A catheter as claimed in any one of the preceding 
claims characterised in that the first and/or second 
valve mechanisms are slit valves. 



A catheter according to claim 1 characterised in that 
the reduced diameter portion (14) is circular in 
cross-section. 



45 



A catheter according to claim 1 or claim 2 charac- 
terised by an end cap (13) positioned on the distal 
end of the catheter to seal the distal end of the lu- 
men (24). 



so 



4. A catheter according to any one of the preceding 
claims characterised in that the lumen (70) is tubu- 
lar and has a circular cross-section, the longitudinal 
axis of the lumen being offset and parallel to the lon- 
gitudinal axis of the catheter to define a portion (76) 
of reduced thickness in the wail (74) of the catheter. 
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